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Insulin/Insulin-Like Growth Factor- 1 Pathway in 
Barrett's Carcinogenesis 

K.B. Greer, MD, MS 1 , A. Kresak, BS 2 , B. Bednarchik, BS 1 , D. Dawson, MD 2 , L Li, MD, PhD 3 , A. Chak, MD 1 and J. Willis, MD 2 

OBJECTIVES: Obesity-associated carcinogenesis is postulated to be mediated through the proliferative actions of insulin 
and the insulin-like growth factor (IGF) family. The aim of this study was to determine whether the insulin/IGF-1 pathway 
is involved in the sequential progression from metaplastic Barrett's esophagus (BE) to dysplasia to esophageal 
adenocarcinoma (EAC). 

METHODS: Fasting serum levels of insulin, glucose, IGF-1, insulin growth factor binding protein-1 (IGFBP1), and IGFBP3 were 
measured in 44 non-dysplastic, 9 low-grade dysplasia (LGD), 12 high-grade dysplasia (HGD), and 10 EAC subjects. 
Immunohistochemistry was performed on paraffin-embedded tissue derived from BE cases using rabbit monoclonal antibodies 
to p-mammalian target of rapamycin (mTOR) and p-AKT, mouse monoclonal antibody to Ki-67, and rabbit polyclonal antibody to 
p-insulin receptor substrate 1 (IRS1). 

RESULTS: Nineteen of 44 (43.2%) BE, 5/9 (55%) LGD, 8/12 (66.7%) HGD and EAC 7/10 (70%) cases showed strong staining for 
p-IRS1. A significantly higher proportion of HGD/EAC subjects showed p-IRS1 staining when compared with BE/LGD subjects, 
63.6% vs. 41.5%, P<0.05. p-IRS1 immunostaining was moderately correlated with strong immunostaining of the downstream 
mediators p-AKT and p-mTOR (Spearman correlation coefficient = 0.1 67 and 0.27 for p-IRS1/p-AKT and for p-IRS1/p-mTOR, 
respectively) and the proliferation marker Ki-67 (Spearman correlation coefficient = 0.20, P= 0.09). However, systemic levels of 
insulin, IGF-1, or IGF-2 were not associated with tissue immunostaining of p-IRS1. 

CONCLUSIONS: Activation of the insulin/IGF-1 pathway in BE may be associated with cellular proliferation and appears to have a 
role in the progression from metaplasia to cancer. The activation of the insulin/IGF-1 pathway at the tissue level is likely complex 
and does not have a simple association with systemic measures of insulin or IGF-1. 
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INTRODUCTION 

The epidemiology of esophageal cancer has shifted dramati- 
cally over the past three decades. 1 The incidence of 
esophageal adenocarcinoma (EAC) has risen dramatically in 
recent years, whereas the incidence of esophageal squamous 
cell carcinoma has declined. 2 ' 3 This shift in relative incidence of 
the two histological subtypes of esophageal cancer has been 
partly attributed to the obesity epidemic and the metabolic 
changes that accompany accumulation of excess body weight. 
Obesity is accompanied by high serum levels of insulin, insulin 
resistance, altered levels of adipokines as well as proinflam- 
matory mediators. 4 High levels of insulin can disrupt the 
delicate balance of proliferation and apoptosis and promote 
tumorigenesis. Hyperinsulinemia may be the mechanistic link 
between excess body weight and obesity-driven carcino- 
genesis in multiple organs, including esophagus. 5-7 

The proliferative actions of insulin may be mediated through 
the phosphatidyl inositol 3-kinase (PI 3-K) pathway. Insulin 
and insulin growth factor-1 (IGF-1) bind to the IGF-1 receptor 
(IGF-1 R). Ligand binding to the extracellular oc subunit causes 
conformational changes in the IGF-1 R, which activate the 



tyrosine kinase domain of the intracellular (3 subunit. Activation 
of the tyrosine kinases leads to rapid phosphorylation of insulin 
receptor substrate (IRS) 1 through 4 as well as many other 
signaling molecules. IRS proteins then mediate the metabolic 
and anti-apoptotic effects of insulin signaling through the 
activation of PI 3-K, protein kinase B (AKT) and mammalian 
target of rapamycin (mTOR). 5 ' 8 Studies have shown activation 
of the PI 3-K/Akt pathway in a number of obesity-driven 
cancers such as breast, 9 ' 10 pancreas, 11 ' 12 lung, 13 color- 
ectum, 14,15 liver, 16 and gallbladder. 17 

To our knowledge, only limited number of studies have 
explored the activation of the PI 3-K pathway in Barrett's 
esophagus (BE) based on human tissue samples. 18 Further, it 
was of interest to compare activation of this pathway across 
the spectrum of esophageal carcinogenesis. We wanted to 
assess the PI 3-K pathway activation by means of immuno- 
histochemistry of biopsy samples derived from normal 
squamous esophageal tissue, areas of intestinal metaplasia, 
that is, BE, low-grade dysplasia (LGD) and high-grade 
dysplasia (HGD), or EAC. We hypothesized that tissues in 
the latter spectrum of esophageal carcinogenesis would be 
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more likely to show intense staining of the mediators of the PI 
3-K pathway such as p-IRS, mTOR, and AKT. 

METHODS 

Study population. Patients with BE and EAC were 
approached about participation in the study at the time of 
their endoscopy, which was performed as a part of routine 
medical follow-up. Basic demographic and anthropometric 
characteristics were recorded at the time of recruitment. 
Multiple tissue biopsies were obtained during endoscopy 
using standard Seattle protocol for surveillance of intestinal 
metaplasia. 19 Biopsies were submitted to pathology for 
processing. All diagnoses were reviewed by an expert 
gastrointestinal pathologist (J.W.) to assure correct 
diagnosis including identification of BE, LGD, HGD, and 
adenocarcinoma. 

Measurement of IGF proteins. Blood samples were drawn 
in the fasting state and analyzed for serum insulin, IGFs, and 
their binding proteins. Serum concentrations of IGF-1, IGF 
binding protein (IGFBP)-1, and IGFBP-3 were measured by 
an enzymatically amplified two-step immunoassay available 
from Diagnostic Systems Laboratories (Webster, TX). Serum 
insulin concentration was measured by radioimmunoassay 
method using Siemens analyzer (Siemens Medical Solutions 
Diagnostics, Los Angeles, CA). IGF-1 measurement included 
an extraction step in which IGF-1 was separated from its 
serum-binding proteins. In addition to kit controls, aliquots of 
in house serum controls were used to determine assay 
performance for all serum markers. Serum concentrations of 
IGF-1, IGF-2, IGFBP-1, and IGFBP-3 were measured by 
enzymatically amplified two-step immunoassay available 
from Diagnostic Systems Laboratories. 

Immunohistochemistry (IHC) staining. Formalin-fixed 
paraffin-embedded tissues were cut at 5 urn and mounted 
on charged slides. Tissues were deparaffinized in xylene, 
rehydrated through a series of graded ethanols, and rinsed in 
deionized water. Antigen retrieval was carried out in citrate 
buffer at 98 °C in a steamer for 20min. Endogenous 
peroxidase activity was blocked in tissues where horseradish 
peroxidase reagents were used. Serum-free protein block 
was used for all tissues to inhibit nonspecific background 
staining. Primary antibodies were applied and tissues 
allowed to incubate for 60min at room temperature. 
Antibodies used in this experiment, their supplier, and 
dilution specifications are summarized in Table 1. Bound 
antibodies were detected using BioCare Medical's polymer 



detection systems (Biocare Medical, Concord, CA). Rabbit 
primaries (pMTOR, plRS1, and pAKT) were detected using 
an alkaline phosphatase-conjugated secondary for 20min 
and visualized with a Fast Red chromogen. The Ki-67 mouse 
primary was detected using a horseradish peroxidase- 
conjugated secondary for 20min and visualized with the 
3, 3'-diaminobenzidine chromogen. Both chromogens were 
from Biocare Medical. Finally, slides were counterstained 
with hematoxylin. One pathologist (J.W.) reviewed and 
graded all the IHC stains. He was blinded to the patient's 
body mass index (BMI) and results of serologic studies. The 
slides were also coded so that the pathologist was also 
unaware of the IHC results from each of the individual 
immunostains corresponding to an individual patient. Staining 
was compared between specialized intestinal epithelium and 
adjacent squamous or fundic epithelium in biopsies. It was 
classified as strong or weak by the pathologist based on a 
composite assessment of the percentage of the visualized 
field as well as the intensity of immunohistochemical reaction 
specifically in Barrett's epithelium. Staining was charac- 
terized as strong when >50% Barrett's epithelium had 
intensely positive staining. 

Statistical considerations. Simple descriptive statistics 
were performed to help define the study population and to 
describe the frequencies of risk factors among cases with BE 
or esophageal cancer. Differences in the distribution of 
baseline characteristics between the case subjects and 
controls were compared using the Wilcoxon rank sum test 
(for continuous data) or the Pearson % 2 test (for categorical 
data). Pearson spearman correlation coefficient was used to 
explore strength of association between IHC grading and 
serum levels of insulin, IGF-1, and its binding proteins. All 
statistical analyses were performed in Statistical Analysis 
Systems software package 9.1 (Cary, NC) or R statistical 
software (Vienna, Austria). Study was approved by the local 
Institutional Review Board for Human Investigation. 



RESULTS 

Our study group consisted of 75 patients. Sixty-five patients 
had BE, the remainder were diagnosed with EAC. Dysplasia 
was seen in 21 (32.3%) of 65 BE cases. In all, 44 out of the 65 
cases (67.7%) had long segment BE, short segment BE was 
seen in the rest. The mean age of the study participants was 
64.7 ±11.8 years. Study subjects were predominantly male 
(80%). Majority of study subjects (94.7%) were Caucasian, 
reflecting known demographics of BE. 



Table 1 Antibodies and conditions used for immunohistochemical staining 



Antibody 


Source 


Dilution 


Incubation time/temperature 


Automated antigen detection 


p-IRS (Tyr632) 
p-AKT 
p-mTOR 
p-ki-67 


Santa Cruz Biotechnology 

Cell Signalling 

Cell Signalling 

DAKO Cytomation/Clone: 

MIB-1/lsotype:lgGlK 


1:50 
1:25 
1:50 
1:100 


60 M in/room temperature 
60 M in/room temperature 
60 M in/room temperature 
30 M in/room temperature 


MACH3-AP (Biocare Medical) 
MACH3-AP (Biocare Medical) 
MACH3-AP (Biocare Medical) 
MACH4-Universal Detection Kit 
(Biocare Medical) 


Abbreviations: AKT, protein kinase B; IRS, insulin receptor substrate; mTOR, mammalian target of rapamycin. 
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Mean BMI of the study participants was 30.46 ±s.d. 
5.51 kg/m 2 . There were no significant differences in mean 
BMI of subjects with long vs. short segment BE (30.4 vs. 
30.6 kg/m 2 ). Mean BMI of cases with EAC was 29.7 kg/m 2 , 
which was not significantly different from cases with BE, 
P=0.7. Mean waist to hip ratio did not significantly differ 
between BE cases and those with ECA (1.02±s.d. 0.22 vs. 
1.01 ±s.d. 0.04, P=0.86). 

Mean serum insulin levels were not significantly different 
between BE cases and those with ECA (12.1 ±s.d. 9.51 vs. 
9.3±s.d. 6.5|ilU/ml (P=0.37), respectively). Mean IGF-1 of 
Barrett's cases was higher than in those with ECA 
(191.5 ±s.d. 80.9 vs. 150.9±s.d. 69.7ng/ml), this difference 
showed a trend toward statistical significance (P=0.14). 
Mean IGFBP-3 was lower in patients with ECA (3076 ±s.d. 
886.4 vs. 2789 ±s.d. 580.6 ng/ml), however, this difference 
was not statistically significant (P=0.33). Mean levels of 
insulin, IGF-1 , and IGFBP-3 did not differ in BE cases with and 
without dysplasia (Figure 1). 

IHC results. Optimized IHC protocol was applied to 75 
paraffin-embedded sections of esophageal tissue. A total of 
75 esophageal tissue sections from 75 patients were 
submitted for IHC analysis. Staining intensity in the areas 
of special intestinal metaplasia and esophageal carcinoma 



was compared relative with surrounding normal esophageal 
tissue. Figure 2 shows staining pattern for each protein of 
interest. Staining for Ki-67 was predominantly nuclear, 
whereas phosphorylated mTOR, AKT, and IRS-1 antibodies 
displayed predominantly cytoplasmic staining pattern. Staining 
intensity was ranked as strong/intense vs. weak. Of the 
65 BE cases analyzed in this study, 29 (44.6%) were 
considered to have intense staining for plRS-1. Nine cases 
did not show any staining with the plRS-1 antibody and the 
remainder of samples showed weak staining pattern. 
Strongly intense staining of p-mTOR was also observed in 
27 (44.3%) of 65 cases. Eight cases did not show any 
staining for p-mTOR. Most cases stained only weakly for p- 
AKT (34/65, 52.3%). Ki-67 was explored as a marker of 
proliferation; 36/63 (54.0%) of cases showed an intense 
reaction with this antibody. Two cases did not show any 
immunohistochemical reaction with Ki-67 antibody. High 
serum levels of IGF-1, IGFBP-1, and IGFBP-3 did not 
correlate with intense staining of plRS-1 (P trend >0.20 for 
all tested correlations). Subjects in the highest quartiles of 
serum insulin were more likely to show strongly intense 
staining for p-mTOR (P trend = 0.13). Homeostatic model 
assessment-insulin resistance did not show any correlation 
with intensity of plRS-1 staining (partial spearman 
coefficient = 0.1 3, P=0.25). Intense staining of AKT correlated 
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Figure 1 Serum levels of insulin growth factor-1 (IGF-1; left panel), insulin growth factor binding protein-3 (IGFBP-3; middle panel), and insulin (right panel) across 
spectrum of esophageal metaplasia. Diagnosis codes: 1 = no dysplasia, 2 = low-grade dysplasia, 3 = high-grade dysplasia, 4 = esophageal adenocarcinoma. 



plRS-1 p-AKT p-mTOR 




Figure 2 Transmitted light micrographs of tissue derived from Barrett's esophagus (BE). Upper panel shows staining of tissues derived from BE, which were graded 
'strong' for the expression of the indicated antibody, indicating that > 50% of the visualized field had positive immunoreactivity. The lower panel shows BE that was minimally 
reactive for the relevant antibody. AKT, protein kinase B; IRS, insulin receptor substrate; mTOR, mammalian target of rapamycin. 
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moderately with that of mTOR. Intense staining of plRS-1 
correlated weakly with intense staining of p-mTOR, p-AKT, 
and p-Ki-67. Partial Spearman coefficients and respective 
P values for all explored associations are listed in Table 2. 
Esophageal specimens with dysplasia and carcinoma were 
more likely to show intense staining for plRS-1 than tissue 
derived from areas of intestinal metaplasia (Table 3). 

DISCUSSION 

The results of this study support activation of the insulin/IGF-1 
axis in a proportion of cases of non-dysplastic BE, dysplastic 
BE, and EAC. We demonstrated intense staining with the 
phosphorylation of IRS-1 , a specific indicator for activation of 
the insulin and IGF-1 Rs, in 44% of BE, 47% of dysplastic BE, 
and 70% of EACs. Furthermore, the presence of phosphor- 
ylated IRS-1 showed weak-to-moderate correlation with the 
downstream mediators of the insulin/IGF-1 axis, phosphor- 
ylated AKT, and mTOR. Activation/phosphorylation of these 
molecules was closely correlated with cell proliferation as 
assessed by Ki-67. As increased cell proliferation is believed 
to contribute to carcinogenesis, this study suggests that this 
pathway may possibly have a role in the progression from 
metaplasia to dysplasia to carcinoma in BE. 

Systemic measurements of insulin, IGF-1, and its binding 
proteins did not show any correlation with tissue phospho- 
rylation of IRS-1 assessed by immunohistochemical staining. 
This may be due to the fact that plRS-1 may also be activated 
by signaling molecules other than insulin and IGF-1 , including 
the IGF-1 R. 19-21 Further, plRS-1 may also cause activation of 
alternate proliferative pathways implicated in carcinogenesis, 
including the extracellular signal-regulated kinase mitogen- 
activated protein kinase pathway. The lack of correlation is not 
totally surprising given that insulin and IGFs are under 
complex physiologic control mechanisms, which closely 
regulate circulating and tissue levels of these hormones. 



Table 2 Correlation of staining of various antibodies with other proteins in the PI 
3-K kinase pathway 





pIRS AKT 


mTOR 


Ki67 


pIRS 


— 0.167 a (0.16) b 


0.27 (0.02) 


0.20 (0.09) 


AKT 




0.61 (<0.001) 


0.374 (0.002) 


mTOR 






0.246 (0.04) 


Ki-67 









Abbreviations: AKT, protein kinase B; BE, Barrett's esophagus; EAC, 
esophageal adenocarcinoma; IRS, insulin receptor substrate; mTOR, mam- 
malian target of rapamycin; PI 3-K, phosphatidyl inositol 3-kinase. 
a Partial Spearman rank correlation is presented for BE and EAC cases. 
b Values in parentheses represent P values for statistical tests when the 
correlation test was not equal to 0. All statistical tests were two sided. 



The development of IGF knockout models and identification of 
patients with IGF-1 gene defects have provided evidence on 
the important role of circulating and locally produced IGF-1 in 
growth and development. 22-24 Data on relative contribution of 
endocrine and paracrine/autocrine regulation of IGF-1 in 
esophageal carcinogenesis is sparse 25 but is emerging for 
cancers of other body sites. 26 It is possible that the systemic 
levels of insulin, IGF-1 , and its growth factor family are altered 
at the tissue level by locally derived paracrine factors, which 
then determine how the signal is transmitted intracellular^. 
Systemic levels of insulin and IGF-1 may correlate positively 
or negatively with tissue derived mRNA levels for pIRS. 
Cancer cell lines may also have increased affinity to IGF-1 
stimulation than normal, non-cancerous, tissue. This has 
been observed in prostate tissue where IGF-1 stimulation led 
to 10-fold upregulation of IGF-1 R expression 27 

We opted to use IHC assays in this mainly exploratory study 
because of their specific ability to identify phosphorylated 
proteins in BE and its associated lesions. A potential limitation 
of this study is that tissue mRNA expression or protein 
activation by western blot analysis was not measured. 
Quantative PCR analysis performed on laser captured BE 
epithelium could provide further support for this insulin/IGF-1 
hypothesis in future experiments but will not be able to 
uniquely determine phosphorylation status. 

Initial studies were performed with antibodies to phospho- 
rylated IGF receptors. However, we found that these 
antibodies also cross-reacted with other growth factor 
receptors such as PDFGR when assessed by western blots 
(data not shown). The phosphorylated IRS-1 antibodies 
provided the best specificity and allowed us to assay the 
state of both the IGF-1 R and IR, as both receptors 
phosphorylate IRS-1 on binding of substrate. However, this 
study cannot determine whether the insulin receptor, the 
IGF-1 R, or both are active in Barrett's epithelium and EAC. 

Further support for a potential role of the insulin/IGF-1 axis 
in esophageal carcinogenesis comes from a recent Australian 
case-control study demonstrating the association of diabetes 
mellitus and EAC. 28 This study found that the risk of 
adenocarcinoma was increased 1.5 times in diabetics 
compared with population controls, although the risk was 
attenuated after adjusting for BMI. In addition, specific IGF-1 
polymorphisms have been found to be associated with the 
reflux-metaplasia-dysplasia-cancer progression in another 
population-based study from Ireland. 29 A more recent study 
also found evidence for activation of the IGF-1 R in human 
adenocarcinomas and demonstrated that adenocarcinoma 
cell lines proliferate in response to IGF-1 25 Our study 
indicates that activation of this axis is already present at the 
precursor stage of BE. Future studies will have to determine 



Table 3 Staining intensity of pIRS in relation to presence or absence of dysplasia or cancer 





No pIRS staining 


Weak pIRS staining 


Strong pIRS staining 


Total 


P value (trend) 3 


No dysplasia 


5(11.4%) 


20 (45.5%) 


19(43.2%) 


44 




Dyslasia (low or high grade) 


4 (19.1%) 


7 (33.3%) 


10 (47.6%) 


21 


0.86 


Adenocarcinoma 


1 (10%) 


2 (20%) 


7 (70%) 


10 


0.14 



Abbreviations: BE, Barrett's esophagus; IRS, insulin receptor substrate. 
Comparison of dysplastic BE and adenocarcinoma vs. BE without dysplasia. 
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whether subjects with BE who have more active cellular 
proliferation in response to activation of the insulin/IGF-1 
pathways are at increased risk for progression to malignancy. 

Finally, the size of this study was small, which could have 
prevented us from detecting some of the meaningful correla- 
tions. Several of the correlations observed in this study were 
above the P value of 0.05 and thus statistically insignificant, 
yet still smaller than a P value of 0.15, which would be 
indicative of a potentially significant trend. One possible 
approach to solve this problem would be to increase the study 
sample size and retest the null hypothesis of insulin— IGF-1 
pathway involvement in esophageal carcinogenesis. Increasing 
the study sample size could, however, also increase the chance 
of achieving a false-positive result. 

In summary, our study provides evidence that the 
insulin/IGF pathway is activated in a proportion of BE and a 
major proportion of EACs. In conjunction with our prior study 
that showed increased systemic levels of insulin and IGF-1 in 
subjects with BE, 6 we propose that this pathway may partly 
mediate obesity-associated carcinogenesis in EAC. Increas- 
ing evidence indicates that this is an important pathway for 
further research. The effects of interventions that promote 
weight loss and medications that decrease insulin or IGF-1 
need to be studied to determine whether they may prevent the 
progression from BE to cancer. 
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Study Highlights 

WHAT IS CURRENT KNOWLEDGE 

w Central adiposity is a risk factor for BE. 

w Insulin and IGFs have proliferative effect on variety of 
tissues including esophagus. 

Insulin levels in obese individuals are elevated. 

WHAT IS NEW HERE 

Serum levels of insulin and IGFs correlate poorly with 
immunohistochemical staining of phosphorylated IRS. 

w Further research in needed to understand the role of this 
pathway as a potential therapeutic target in esophageal 
carcinogenesis. 
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